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Lag ;Srg 3MnO; nanopowder has been obtained by co-precipitation of the metal salts out
of solution using sodium carbonate. The nanopowder synthesized contains two morphologi-
cally different particle types of 40 and 100 to 200 nm size. Using X-ray diffraction and
transmission electron microscopy, phase transformations of the synthesis products have
been studied within temperature range of 300 to 900°C. The nanoparticle formation
genesis is traced and reasons for bimodal size distribution thereof are explained.

Hamomnopomok Lag 7Sry sMnO; mosnyuen MeTomoM COBMECTHOTO OCaJeHHSA DACTBODOB
cojieii MeTaJlIoB KapOoHaToM HaTpus. CHUHTEe3MPOBAHHBIM HAHOIOPONIOK COCTOUT M3 OBYX
TunoB 4dacTtull ¢ pasmepamu 40 m 100—-200 M u pasHoil Mopdooruueckoir gpopmoii. Mero-
JaM{ DPEHTTeHOCTPYKTYPHOTO aHain3a M IIPOCBEUMBAIOIIEH 9J€KTPOHHON MHKDOCKOIUMU HC-
ciaemoBaauch (asoBble IpeBpallleHUWsA MIPOAYKTOB CHHTe3a B uHTepBase Temmepatyp 300—
900°C. IIpociesxeH reHe3nc 00pa30BaHUA HAHOUACTUI] U O0BACHEHBI IPUYUHBI UX OUMOIATE-
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HOT'O pacupejesieHUs [0 padMepam.

Manganites La,_,M,MnO5 (where M = Ca,
Sr, Ba) take a specific place among oxides
with the perovskite type ABOj structure.
Numerous experimental and theoretical
studies are aimed at those compounds [1—4].
Within a narrow composition range (x = 1/3),
manganites exhibit strong ferromagnetic
properties, a metal type conductivity, and a
high sensitivity of electric conductance to
external magnetic field (giant magnetoresis-
tance). Those peculiarities appear due to a
combination of different valence ions in
crystallographically equivalent positions. To
forecast new application fields of the man-
ganites, it is mnecessary to understand
clearly their physics where the structure,
magnetic, and transport properties are in-
terrelated.

It is lanthanum-strontium manganite
Lag 7Srg 3MnO5 that is of most interest for
practical use, since it maintains its ferro-
magnetic properties at room temperature
(T, = 3850 K). Today, there are already good
prospects for production of cathodes for
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SOFC fuel elements and high-sensitive sen-
sors on the basis of that material. To de-
velop such devices, high-quality and stable
materials with pre-specified properties are
necessary, which cannot be obtained using
the standard solid phase synthetic proce-
dure. Development of oxide nanopowder
technology is of a great interest in this con-
nection. The transition to nanostructure
state of a powder system makes it possible
to attain a homogeneous chemical and phase
composition and to provide the nanograin
state of the ceramics. The latter fact is of a
great importance for SOFC cathodes. The
high specific surface of the porous cathode
material enhances its catalytic activity as
well as effective ionic conductance, since
the distance that oxygen vacancies should
overcome to the contact point with the elec-
trolyte is reduced.

To obtain homogeneous and finely dis-
persed oxides, so-called "wet" chemical
processes are used as a rule [5]. C.Vazques-
Vazques et al. [6] have described the sol-gel
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Fig. 1. XRD patterns from Laj,Sry,MnO4
calcined at temperatures (°C): 300 (a), 400
(b), 600 (c), 700 (d), 850 (e). Reflections from
phases are numbered as follows: MnCO; (1),
La,0(CO3),xH,0 (2), La,COg (3), La,05 (4),
Lay ;Srg sMnO; (5).

technology of Lag 7Srg3MnO5 production by
evaporating the aqueous solution of cation
nitrates. The samples obtained thereby at
800°C were of 60 nm size. R.F.C.Marques
et al. [7] obtained Lag 7Sry sMnO5 of 200 nm
particle size synthesized at 950°C without
evaporation. These authors have used the
co-precipitation of metal ions from salt so-
lutions as insoluble hydroxides and/or oxo-
carbonates.

The co-precipitation method provides a
homogeneous distribution of doping ele-
ments. The trend to agglomeration of the
particles under subsequent heating does not
allow to obtain the small primary particles,
as is seen from [7]. To overcome this draw-
back, either a prolonged milling in various
mills or spray drying at high or low tem-
peratures is required. Our experimental in-
vestigations in preparation processes of
ZrO, and TiO, nanopowders [8] have shown
that a reduced extent of particle interaction
following the co-precipitation and preven-
tion of agglomeration at all the processing
stages is attainable by pulse-wave actions,
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Fig. 2.
nanopowder synthesized at 850°C.

Microstructure of Lagy4Sry3MnO,

namely, microwave heating, pulse magnetic
field and ultrasonic treatment.

The Lag;Srg3MnO; samples were ob-
tained by co-precipitation of metal salts
from solution with sodium carbonate solu-
tion. Chemical purity grade La,Os,
MnCl,-4H,0, and SrCl, were taken as the
initial materials in amounts corresponding
to the desired product stoichiometry. Lan-
thanum oxide was dissolved in nitric acid.
The mixing at room temperature for 1 h
was used. The water-enriched precipitate of
metal carbonates was washed in distilled
water to remove the reaction by-products.
The precipitate was dried at 110°C to con-
stant weight and calcined at 300°C for 1 h.
The lanthanum-strontium manganite pre-
cursor powder was treated by ultrasound to
prevent the particle agglomeration. The
Lag 7Srg 3MnO5 phase composition was stud-
ied using X-ray diffraction (XRD) in Cu K
radiation. Transmission electron microscopy
(TEM) was used to study the morphology
peculiarities of the phases involved in the
synthesis. The samples of carbonates of all
the metals contained in Lag ;Sry sMnO5 were
prepared separately, maintaining the pre-
cipitation and synthesis conditions.

The lanthanum-strontium manganite pre-
cursor powder obtained by the co-precipita-
tion undergoes a series of phase transforma-
tions in the course of Lay;Srg3;MnO5; syn-
thesis. Fig. 1 presents X-ray photographs of
samples obtained at different temperatures
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Fig. 3. Morphology of parent phases at dif-
ferent stages of Lagy,SrysMnO; synthesis:
MnCO; (a) and La,0(CO4),xH,0 (b) at 300°C;
Lag ,Srg 3MnO5 and La,COg at 500°C (c).

of sequential calcination. The washed, fil-
tered, and dried mixture consists of amor-
phous metal carbonates. After calcination at
300°C, the powder x-ray pattern contains
reflections from hydrocarbonate
La,0(CO3),-xH,0 [11-PDF No.28-0512] and
MnCO3; (Fig. 1a). No strontium carbonate
lines were found in the x-ray pattern within
the XRD sensitivity. In the 300 to 400°C
temperature range, dehydration takes place
accompanied by partial decarbonization of
the lanthanum component. The x-ray pat-
tern taken at 400°C (Fig. 1b) shows reflec-
tions from the only La,COg phase. The ab-
sence of MnCOj; lines is explained by the
compound decomposition under decarboniza-
tion. The first signs of perovskite
Lag 7Srg 3MnO5; phase appears at 500°C. In
the 500 to 700°C range, the amount of man-
ganite increases under La,COg decrease
(Fig. 1¢). A CO, molecule release near
700°C results in La,COg transformation
into lanthanum oxide La,O5; (Fig. 1d). At
700 to 850°C, the increase in manganite
phase continues, but this time at the ex-
pense of into lanthanum oxide. According
to our X-ray data, the formation of single-
phase Lag 7Sry sMnO5 is over near to 850°C
(Fig. 1e).

In the obtained Lag;Sry 3sMnO3; powders,
two morphologically different particle types
were found by TEM studies. According to
XRD and TEM, both types are identical in
phase composition (Fig. 2). The first type is
presented by small (40 nm) rounded parti-
cles accumulated in loose spherical aggre-
gates. The second type includes large parti-
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Fig. 4. Scheme of phase transformations in
the course of Lag,Sry;MnO; synthesis.

cles (100—200 nm) of polyhedral shape accu-
mulated in porous polycrystals. The reason
for the bimodal particle size distribution is
made clear by structure studies of sepa-
rately prepared metal carbonates and com-
pounds obtained at different stages of
Lag 7Srg 3MnO5 synthesis. It is seen in Fig. 3
that manganese carbonate is shaped as
spherical globules, while lanthanum carbon-
ate, as flat crystals. The analysis shows
that the initial carbonate shapes are inher-
ited in the course of phase transformations.
Fig. 4 illustrates the transformation path
during Lag 7Srg sMnO3 preparation.

The finely dispersed Lag 7Srg sMnO5 (Gen-
eration I) is formed after decomposition of
MnCOj; that is referred to as the first par-
ent phase. It is just La,COg that becomes
the second parent phase. Due to decomposi-
tion, it gives rise to two phases, La,O3 and
Lag 7Srg 3MnO5 (Generation II). As to Lay,O3
itself, it becomes later a parent and forms
the third Lagp;Srg3MnO; generation. The
analysis of XRD patterns has shown that
lanthanum oxide has somewhat enlarged
unit cell parameters in this case. The in-
crease of lattice parameters indicates that
La ions in La,O3 are substituted in part by
Mn and Sr ones. As the temperature attains
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850°C, the final formation of single-phase
Lag 7Srg 3MnO5 takes place due to cation or-
dering. The Generations II and III are of
the same dispersity. Thus, the bimodal dis-
tribution is due to formation of two particle
types on the basis of manganese and lantha-
num carbonates, respectively.

Thus, nanosized lanthanum-strontium
manganite has been prepared using co-pre-
cipitation technique. Two observed particle
types different in morphology and size are
Lag 7Srg 3MnO5; generations formed on the
basis of two precursor phases (manganese
and lanthanum carbonates). At 500°C,
MnCO3; undergoes dissociation, thus giving
rise to the first (finely dispersed) mangan-
ite generation. Near 700°C, La,COg is de-
composed forming two phases, La,O3 and
the second (coarsely dispersed)
Lag 7Srp 3MnO5 generation. Next, the third
(coarsely dispersed, too) Lag 7Sry sMnO5 gen-
eration is formed from La,0Oj;. As a result,
we have three generations of the same
phase and two nanoparticle types of 40 and
100 to 200 nm size, respectively. A method
is proposed to obtain nanosized
Lag 7Srp 3MnO5; with bimodal particle size

distribution. Combining the small and large
particle fractions in the nanopowders, it
may be possible to improve the compacting
results in the ceramics manufacturing. The
understanding of decomposition processes
and phase transformations in
Lag 7Srg 3MnO5 will result in improved tech-
niques of manganite powders with pre-speci-
fied characteristics.
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N =

®da30Bi mepeTBOPEHHA Il YaC CHMHTE3y HAHOIMOPOIIKiB
Lay ;Sry sMnO,4

I1.A.laninenxo, T.€C.Koncmanminoea, T.€.Illamanosa,
I''K.Boakoéa, O.C.Jopowrkesuu, B.O.I'nasynosa

Hanomnopomoxk Lay ,Sry ;MnO; omepsxano MeTomoM CyMiCHOTO OCafsKeHHS PO3UMHIB comeit
MeTasiB KapboHaToM HaTpiro. CHMHTE30BaHUII HAHOIIOPOIIOK CKJAJAETHCA 3 ABOX THIIIB Yac-
TUHOK i3 posmipamu 40 Tta 100—-200 M i pisHOI0 Mopdosoriero. MeTogaMu PeHTTEHOCTPYK-
TYPHOT'O aHaJidy i mMPOCBiUy0UYOi eJIeKTPOHHOI MiKpOCKOmii JocaimskeHo ¢Ga3oBi mepeTBOpeH-
HS IPOAYKTiB cuHTe3y B imTepBai Temmeparyp 300—900°C. IIpocTeskeHO reHe3nC YTBOPEHHS
HAHOYACTUHOK 1 IIOSICHEHO HPUYMHHU IX 0iMOZAJIbHOrO PO3MOAINY 3a po3MipaMmu.
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